On neighbours of iron. Mössbauer studies on structural order in iron alloys. by Deen, Jurjen Kornelius van
  
 University of Groningen
On neighbours of iron. Mössbauer studies on structural order in iron alloys.
Deen, Jurjen Kornelius van
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1980
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Deen, J. K. V. (1980). On neighbours of iron. Mössbauer studies on structural order in iron alloys. s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
r lLrn nergnDours oT tron
A11oy  fo rma t i on  and  s tab i l i t y  a re  t he  keywords  o f  t he  f i e l d
o f  r e s e a r c h  i n  w h i c h  t h e  s u b j e c t  o f  t h i s  t h e s i s  i s  s i t u a t e d .
Be fo re  g i v i ng  a  su Í f f na ry  o f  t he  con ten ts  o f  t he  t hes i s  we  w i l l
t he re fo re  make  some remarks  abou t  a l l oy  f o rma t i on  i n  gene ra l .
The  resu l t  o f  an  a t t emp t  t o  a1 ' l oy  two  d i f f e ren t  me ta l s  i s
s t rong l y  dependen t  on  the  cho i ce  o f  t he  cons t ' i t uen ts ,  and
more  spec i f i ca l l y  on  the  p re fe rence  o f  t he  cons t i t uen ts  t o
s u r r o u n d  t h e m s e l v e s  w i t h  s i m i l a r  o r  d i s s i m i l a r  n e i g h b o u r s .
l , / hen  the re  i s  a  s t rong  p re fe rence  fo r  s im i Ia r  ne ighbou rs ,
o n l y  d i l u t e  s o l u t i o n s  o f  b o t h  c o m p o n e n t s  j n  e a c h  o t h e r  w i l l
e x i s t  a s  s t a b l e  p h a s e s  i n  t h e  a 1 1 o y  s y s t e m .  A n  e x a m p l e  i s  t h e
Cu-Fe  sys tem.  A  s t ronq  p re fe rence  fo r  d i ss im i l a r  ne ighbou rs
g i v e s  r i s e  t o  t h e  f o r m a t i o n  o f  a  s e r i e s  o f  i n t e r m e t a l l i c
c o m p o u n d s  a t  s p e c i f i c  a t o m i c  r a t i o s .  t x a m p l e s  o f  t h i s  a r e
found  i n  t he  Fe - ra re  ea r th  sys tems .
f , J h e n  t h e  p r e f e r e n c e  f o r  s i m i l a r  o r  d i s s i m i l a r  n e i g h b o u r s
i s  w e a k e r  t h e  m e t a l s  a r e  m u t u a l l y  s o l u b l e  j n  a l l  p r o p o r t i o n s ,
a t  l eas t  a t  e l eva ted  tempera tu res .  l ^ l hen  the  p ropo r t i on  o f
t he  cons t i t uen ts  can  va ry  ove r  a  b road  range  we  ca l l  t he
f o r m a t i o n  p r o d u c t :  s o l  i d  s o ' l u t i o n .  H o w e v e r ,  t h e  d i s t r i b u t i o n
o f  t h e  t w o  k i n d s  o f  a t o m s  o v e r  t h e  l a t t i c e  s i t e s  w i l l  n o t  b e
comp le te l y  random.  l ^ i hen  the  cons t i t uen ts  have  a  p re fe rence
f o r  e i t h e r  s i r n ' i l a r  o r  d i s s i m i l a r  n e i g h b o u r s ,  t h e  r e s u l t i n g
p h e n o m e n a  a r e  c a l l e d  c l u s t e r i n c l  a n d  o r d e r i n g ,  r e s n e c t i v e l y .
B e l o w  a  c e r t a i n  c r i t i c a l  t e m p e r a t u r e  t h i s  o r e f e r e n c e  l e a d s
t o  d e c o m p o s i t r ' o n  j n  s e p a r a t e  p h a s e s ,  o r  t o  l o n g  r a n g e  o r d e r e d
s t r u c t u r e s .
- - ? : a ^ a - n ' : / : : . € - : t  ? ' - ? .  a - : .  - . a - : : - " :  f o r m a t . i  o n  a n d
! - - : : -  : : , ,  l s ' a '  " '  
_ ,  
n a  - '  - a ' ' . -  -  :  - -  :  : ' e n o i - , E n o l o o i c a l
l e v e 1 ,  b u t  a  f u n d a m e n t a l  m o d e l  b a s e d  o n  m i c r o s c o p i c  p a r a -
m e t e r s  h a s  n o t  b e e n  d e v e l o p e d  y e t .  W h e n  t h e  p r o b l e m  i s  c o n -
f i n e d  t o  t h e  s t a b i l i t y  o f  o r d e r e d  s t r u c t u r e s  w i t h i n  a  g i v e n
c rys ta l  s t ruc tu re ,  a  sL l ccess fu l  t heo re t i ca l  f r amework  has
b e c o m e  a v a i l a b l e  i n  t h e  f o r m  o f  t h e  s o - c a l l e d  C l u s t e r
V a r i a t i o n  m e t h o d .
The  rea r rangemen t  o f  a toms  ove r  t he  l a t t i ce  s i t es  i n -
f l u e n c e s  t h e  m a c r o s c o p i c  p r o o e r t i e s  o f  t h e  a l 1 o y ,  l i k e  m a g -
n e t i z a t j o n ,  r e s j s t i v i t y  a n d  m e c h a n i c a l  p r o p e r t i e s .  C o n v e r s e -
l y  t h e s e  p r o p e r t i e s  c a n  b e  u s e d  i n  t h e  s t u d y  o f  o r d e r i n g  a n d
c l u s t e r i n g ,  b u t  d u e  t o  t h e i r  m a c r o s c o p i c  h a r a c t e r  t h e y  g i v e
n o  d e t a i l e d  i n f o r m a t i o n  a b o u t  t h e  p r o c e s s e s  o n  a n  a t o m i c
s c a l e .  D i f f r a c t i o n  m e t h o d s  1 i k e  X - r a y ,  n e u t r o n  a n d  e l e c t r o n
d i f f r a c t i o n  g i v e  r e s u l t s  w h i c h  a r e  i n  p r i n c i p l e  d i r e c t l y  r e -
l a t e d  t o  t h e  d ' i s t r i b u t i o n  o f  a t o m s ,  b u t  t h e  F o u r i e r - t r a n s -
f o r m a t i o n  i n v o l v e d  i n  t h e  a n a l y s i s  i s  n o t  w j t h o u t  t r o u b l e s .
l 4 o r e o v e r ,  t h e  c o n s t i t u e n t  a t o m s  s h o u l d  h a v e  a  d i f f e r e n t
s c a t t e r i n g  f a c t o r  f o r  t h e  r a d i a t i o n  e m p l o y e d  a n d  f o r  a n  a 1 1 o y
l j k e  N i . F e  t h j s  l i m i t s  t h e  c h o i c e  t o  n e u t r o n  d i f f r a c t i o n  o n
J  . ^
a n  a l l o y  w h e r e  t h e  n i c k e l  i s o t o p e  o t N i  h u r  b e e n  e m p l o y e d .
A  q u i t e  d i f f e r e n t  m e t h o d  y i e l d i n g  i n f o r m a t ' i o n  o n  a n
a t o m i c  s c a l e  i s  l ' 4 o s s b a u e r  f f e c t  s p e c t r o s c o p y .  I n  t h j s  m e t h o d
r e s o n a n t  a b s o r p t i o n  o f  g a m m a  r a y s  i n  a  s p e c i f i c  t y p e  o f
n u c l e u s  i s  e m p l o y e d  t o  p r o b e  t h e  n e a r  n e i g h b o u r h o o d  o f  t h e
n u c l e u s ' a t o m .  T h e  w e l l - k n o w n  t ' l i i s s b a u e r i  s o t o p e  l / F e  h a s  b e e n
e m p l o y e d  t h r o u g h o u t  t h e  w o r k  d e s c r i b e d  j n  t h i s  t h e s i s .  T h j s
i s o t o p e  s h o w s  v e r y  s u i t a b l e  M t j s s b a u e r  c h a r a c t e r i s t i c s :  t h e
1 4 . 4  k e V  e x c i t e d  s t a t e  i s  e f f i c i e n t l y  p o p u l a t e d  b y  t h e  d e c a y
o f  " ' C o ,  w h o s e  h a l f - l  i f e  o f  2 7 0  d a y s  i s  c o n v e n i e n t l y  l o n q .
T h e  t r a n s i t i o n  e n e r g y  i s  l o w  e n o u g h  t o  e n s u r e  a  h i g h  p r o -
p o r t i o n  o f  r e c o i l l e s s  e v e n l s  n e c e s s a r y  f o r  r e s o n a n t  a b s o r p -
t i o n .  T h e  r e l a t i v e  a b u n d a n c e  o f  3 ' F e  i n  n a t u r a l  i r o n  i s  o n l y
2% bu t  t he  c ross -sec t i on  f o r  abso rp t i on  o f  t he  14 .4  keV
gamma- rays  i s  h igh  enough  to  make  i so top i c  en r i chmen t
n e c e s s a r y  o n l y  i n  s p e c i a l  c a s e s .  F i n a l l y  w e  m e n t i o n  t h a t
many  i r on  a l l oys  a re  f e r romaqne t ' i c ,  i n  wh i ch  case  the
reso l v i ng  power  o f  Mc i ssbaue r  e f f ec t  spec t roscopy  i s  g rea t l y
e n h a n c e d .
O n e  o f  t h e  a i m s  o f  t h i s  t h e s ' i s  i s  t o  e x p l o r e  t h e  o o s s i b i l i -
t i  es of  l " l i jssbauer ef fect  spectroscopy i  n  the study of  order-
i n g  a n d  c l u s t e r i n g  p h e n o m e n a ,  s u b j e c t s  i n  t h e  b o r d e r  a r e a
o f  s o l j d  s t a t e  p h y s i c s  a n d  p h y s i c a l  m e t a l l u r g y .  C h a o t e r  2
o f  t h e  t h e s i s  g i v e s  a n  ' i n t r o d u c t i o n  t o  t h e  r e l e v a n t  a s p e c t s
o f  t h e  l 4 ó s s b a u e r  t e c h n i q u e ,  e s p e c i a l l y  w h e r e  i t  c o n c e r n s  t h e
t rans la t i on  o f  Móssbaue r  pa rame te rs  i n to  s t ruc tu ra l  i n fo rma-
t i on .  I n  Chap te r  3  we  i n t roduce  the  the rmodynamic  oncep ts
t h a t  w i l l  b e  u s e d  t h r o u g h o u t  t h e  t h e s i s .  C h a p t e r s  4  t o  8
a re  devo ted  to  t he  desc r i p t i on  o f  t he  expe r imen ta l  r esu l t s .
T h e  a l l o y s  t h a t  h a v e  b e e n  s t u d i e d  a r e  o f  s p e c i a l  i n t e r e s t
b e c a u s e  o f  t h e i r  m a g n e t i c  p r o p e r t i e s :  n ' i c k e l - i r o n  a 1 1 o y s
a r o u n d  t h e  N i r F e  c o m p o s i t i o n  ( p e r m a l l o y s )  a r e  u s e d  b e c a u s e
o f  t h e i r  h i g h  p e r m e a b i l i t y ;  s t o i c h i o m e t r i c  F e P d  ' i s  o n e
m e m b e r  o f  a  f a m i l y  o f  v e r y  h a r d  m a g n e t i c  m a t e r j a l s  s u i t a b l e
f o r  p e r m a n e n t  m a g n e t s ;  a n d  C u N i  ( F e )  a r o u n d  t h e  C u r O N i r O
c o m p o s i t i o n  ( l l o n e l  )  i s  k n o w n  b e c a u s e  o f  i t s  d u c t i l i t y  a n d
c o r r o s i o n  r e s i s t a n c e .
C h a p t e r  4  d e s c r i b e s  t h e  e x p e r i m e n t a l  d e t e r m i n a t i o n  o f  t h e
p h a s e  d i a g r a m  o f  t h e  N i - F e  s y s t e m  a r o u n d  t h e  c o m p o s i t i o n
l l i r F e  w h e r e  a n  o r d e r - d i s o r d e r  t r a n s f o r m a t i o n  t a k e s  p l a c e
a r o u n d  T = 7 8 0 K .  A s  m e n t i o n e d  e a r l i e r  i t  i s  p o s s i b l e  t o  c a l -
c u l a t e  s u c h  a  p h a s e  d i a g r a m  b y  t h e  C l u s t e r  V a r i a t i o n  m e t h o d ,
b u t  s i n c e  o n l y  t h e  C u - A u  b i n a r y  s y s t e m  h a d  b e e n  s t u d i e d  w i t h
s u f f i c i e n t  a c c u r a c y  f o r  a  c o m p a r i s o n ,  t h e  e x p e r i m e n t a l  d e -
t e n n i n a t i o n  o f  a n o t h e r  s y s t e m  s e e m e d  w o r t h w h i  l e .
A t  t h e  t r a n s j t i o n  t e m p e r a t u r e  N j r F e  i s  f e r r o m a . ' c n e t i c  a n :
c o n s e q u e n t l y  t h e  r e a c t i o n  c a n  b e  f o l I o w e d  i n  d e t a i  l  5 , ,  r ' l : . -
:  r . : .  e f f ec t  spec t roscopy  ' a t  t empera tu re ' .  I t  appea rs  t ha t
: ' e  o rde r  t o  d i so rde r  t r ans i t i on  occu rs  a round  the  the rmo-
: - . ' r am i  c  equ i  I  i  b r i  um tempera tu re  ,  whe reas  an  unde rcoo l  i  ng  o f
a : o u t  1 5 K  i s  n e c e s s a r y  t o  j n i t i a t e  t h e  d i s o r d e r  t o  o r d e r
" e a c t i o n .  T h i s  ' h y s t e r e s ' i s ' - e f f e c t  i s  e x p l a i n e d  b y  t h e
: i f f e r e n c e  i n  m a g n e t i z a t j o n  o f  b o t h  p h a s e s .
B e t w e e n  t h e  t w o  p h a s e s  i n  t h i s  f i r s t  o r d e r  p h a s e  t r a n s i -
- - i o n  a  t w o  p h a s e  r e g i o n  e x i s t s ,  w h i c h  s h o u l d  b e  c l e a r l y  d i s -
i i n g u i s h e d  f r o m  t h e  h y s t e r e s i s  r e g i o n .  A t  t h e  m a x i m u m
' - r a n s i t i o n  t e m p e r a t u r e  t h i s  t w o  p h a s e  r e g i o n  s h o u l d  d i s -
a p p e a r .  T h i s  w a s  c o n f i r m e d  e x p e r i m e n t a l l y ,  t h u s  s o l v i n g
a  p r o b l e m  d i s c u s s e d  i n  t h e  l i t e r a t u r e  a b o u t  a  p o s s i b l e
v i o l a t i o n  o f  t h e  G ' i b b s '  p h a s e  r u l e  i n  t h ' i s  s y s t e m .
I n  C h a p t e r s  5  a n d  6  w e  d e s c r i b e  t h e  m e c h a n i s m  a n d  t h e
k i n e t i c s  o f  t h e  o r d e r - d i s o r d e r  t r a n s i t i o n .  N e a r  t o  t h e
d i s o r d e r i n g  t e m p e r a t u r e  t h e  k i n e t i c s  o f  t h e  d i s o r d e r i n g
r e a c t i o n  c a n  b e  d e s c r i b e d  w i t h  a n  A v r a m i  e q u a t i o n  i n  a
s i m p l e  n u c l e a t i o n  a n d  g r o w t h  r n o d e l .  S o m e  a t t e n t i o n  i s  g i v e n
t o  t h e  b a s i c  p h i l o s p h y  u n d e r l y i n g  t h e  A v r a m i  a n a l y s i s .  A
s y s t e m a t i c  s e r i e s  o f  o r d e r i n g  e x p e r i m e n t s  a t  v a r i o u s  t e m p e -
ra tu res  be low  the  o rde r i ng  tempera tu re  shows  a  g radua l
change  f rom a  nuc lea t i on -and -g row th  t ype  o f  r eac t i on  t o
c o n t Í n u o u s  o r d e r i n g .  l , l e  d e s c r i b e  t h i s  c h a n g e  b y  m e a n s  o f
a  L a n d a u  e x p a n s i o n  o f  t h e  f r e e -  e n e r g y .  T h e  p r e d i c t e d  e x i s t e n c e
o f  h e t e r o p h a s e  f l u c t u a t i o n s  i s  c o n f i r m e d  e x p e r i m e n t a l 1 y .  T h e
d i f f e r e n c e  i n  o r d e r i n g  k i n e t i c s  o f  s a m p l e s  t h a t  h a d  b e e n
a n n e a l e d  p r e v i o u s l y  a t  d i f f e r e n t  t e m p e r a t u r e s ,  i s  e x p l a i n e d
b y  t h e s e  h e t e r o p h a s e  f l u c t u a t i o n s ,  t o o .
C h a p t e r  7  i s  d e v o t e d  t o  t h e  o r d e r i n g  p r o c e s s  i n  F e P d .  I n
t h i s  a l l o y  t h e  f e r r o m a g n e t ' i c  C u r i e  t e m p e r a t u r e  l i e s  b e l o w
the  o rde r -d i  so rde r  t r ans i  t i on  t empera tu re .  Consequen t l y
expe r imen ts  ' a t  t empera tu re '  a re  no t  ve ry  i n fo rma t i ve  due  to
t h e  l i m j t e d  r e s o l v i n g  p o w e r  o f  M ó s s b a u e r  e f f e c t  s o e c t r o s c o p y
in  t ha t  case ;  t he re fo re  t he  expe r imen ts  have  been  pe r fo rmed
at  room tempera ture  on  annea led  samples .  The order jng  t ran-
s i t i o n  i n  t h i s  a 1 1 o y  ' i s  a c c o m p a n i e d  b y  a  t e t r a g o n a l  d j s -
to r t jon  o f  the  la t t i ce .  S ' ince  the  Móssbauer  parameters  o f
the  te t ragona l  and the  cub ' i c  phase d i f fe r  s t rong ly ,  i t  j s
poss ib le  to  de tec t  the  a tomic  rear rangements  w i th in  the
c u b i c  p h a s e  s e p a r a t e l y .
In Chapter 8 we gi  ve a prel  imi nary report  on f , lc issbauer
e x p e r i m e n t s  o n  C u N i ( F e ) .  T h e  C u - N i  s y s t e m  i s  a n  e x a m p l e  o f
a  b inary  sys tem where  decompos i t ion  occurs .  However ,  the
c r i t i c a l  t e m p e r a t u r e  i s  s o  l o w  t h a t  t h e  m o b i l j t y  o f  t h e
a t o m s  i s  i n c o n v e n i e n t l y  s m a l 1 ,  a n d  t h a t  i t  i s  d i f f i c u l t  t o
o b t a i n  e q u i l i b r i u m .  B y  a d d i t i o n  o f  i r o n  t h e  c r i t j c a ' l  d e -
compos i t ion  tempera ture  is  inc reased and equ i l ib r ium is  more
e a s i l y  o b t a i n e d .  H o w e v e r ,  t h e  t h i r d  c o m p o n e n t  i n t h e  a l l o y
sys tem makes the  neut ronrd i f f rac t jon  resu l ts  more  d i f f i cu l t
to  in te rpre t .  By  us ing  " 'Fe  Móssbauer  f fec t  spec t roscopy
w e  c a n  p r o b e  s p e c i f i c a l l y  t h e  i r o n  n e i g h b o u r h o o d .
Par ts  o f  Chapters  4  and 5  have a l ready  been pub l ished
( P h y s  R e v  B  2 0  ( 1 9 7 9 ) , 2 9 6 ,  a n d  J  d e  P h y s  4 1 ( 1 9 8 0 ) ,  C 1 - 3 6 7 ) .
C h a p t e r  6  h a s  b e e n  s u b m i t t e d  f o r  p u b l i c a t j o n  i n  J  P h y s  F :
Meta l  Phys ics .  A  pre l im inary  repor t  o f  Chapter  7  has  been
presented  a t  the  In te rna t iona l  Conference on  Magnet ism
I C M  ' 7 9 ,  M u n i c h  ( J  M a g n  l ' l a g n  M a t  1 s - 1 8  ( 1 9 8 0 ) ,  1 1 7 1 ) .
